Abstract. The present study aimed to investigate the impact of various doses of dexmedetomidine (DEX) on ropivacaine (ROP)-induced lumbar plexus-sciatic nerve block (LSB). A total of 80 patients who underwent ankle surgery under LSB were divided into group R (applied with 30 ml 5% ROP), Dex1 (30 ml 0.5% ROP + 1 µg/kg DEX), Dex2 (30 ml 0.5% ROP + 1.5 µg/kg DEX) and Dex3 (30 ml 0.5% ROP + 2 µg/kg DEX), with 20 cases in each group. The onset time and duration of sensory and motor block, mean arterial pressure (MAP), heart rate (HR), oxygen saturation, Ramsay score, serum vascular endothelial growth factor (VEGF) level and adverse reactions in the four groups were observed. Results demonstrated that the durations of sensory and motor block in group R were shorter than those in groups Dex1-3 (P<0.01), followed by the sequence of group Dex1<Dex2<Dex3 (P<0.05). MAP and HR in groups Dex1-3 at T2-T5 were significantly lower than those in group R (P<0.01), and HR in group Dex3 at T3 and T4 was significantly lower than that in groups Dex1 and Dex2 (P<0.05). Ramsay scores in groups Dex1-3 at T2-T4 were significantly higher than those in group R (P<0.05). Serum VEGF levels in groups Dex2 and Dex3 at T2-T5 were significantly higher than those in group R (P<0.01). The incidences of over-sedation, bradycardia and dry mouth in group Dex3 were notably higher than those in the other groups. In conclusion, 1.5 µg/kg DEX exhibits a superior effect in improving ROP-induced LSB.
Introduction
Ankle surgery is a common orthopedic surgery with various methods for anesthesia. Currently, controversy exists regarding the anesthetic methods in clinical practice of lower limb surgery. Traditional anesthesia is based on lumbar plexus-epidural anesthesia. Although this method may meet the surgical requirement, it has multiple postoperative complications, and may lead to greater hemodynamic changes, including rapid blood pressure decrease or even respiratory and circulatory inhibition (1, 2) . Therefore, ensuring intraoperative anesthetic safety and reducing surgical and anesthetic complications are essential (3, 4) . In recent years, the application of peripheral nerve block technology has attracted much attention (5) (6) (7) . Lumbar plexus-sciatic nerve block (LSB) has less interference on patients' respiration and circulation in lower extremity surgery, and does not affect the gastrointestinal and urinary functions (5) (6) (7) . In addition, it may avoid lumbar puncture injury and achieve accurate positioning in peripheral nerve block anesthesia when using a nerve stimulator, as well as long anesthetic duration and satisfactory results (3) (4) (5) . Ropivacaine (ROP) is a long-acting amide local anesthetic that is widely used within clinics due to its low toxicity towards the central nervous system and cardiovascular system (8) . Furthermore, it is able to achieve sensory and motor anesthesia, separately (9) .
It has been demonstrated that clonidine, an α2-adrenergic receptorα (2AR) agonist, may enhance analgesic and anesthetic effects when used for peripheral nerve block (10) . Dexmedetomidine (DEX) is a novel highly selective α2AR agonist. Its binding ratio of α2: α1 receptor is 1,620: 1, which is eight times that of clonidine (11) . Its distribution and elimination half-lives when intravenously injected are 6 min and 2 h, respectively (11) . Meanwhile, it also serves roles including analgesia, sedation, stress inhibition and stabilization of hemodynamics (11) . It has been reported that the local application of DEX combined with anesthetics may prolong the effects of nerve block, reduce the local anesthetic dosage, prolong the effect time and enhance the analgesic effects; furthermore, it has no neurotoxicity (12-16). However, the impact of DEX dose on ROP-induced LSB is not clear. The present study evaluated the impact of different doses of DEX on ROP-induced LSB. The objective of the present study was to provide a reference for further application of DEX to clinical local anesthesia. Anesthetic methods. All patients had not received preoperative medication. During the surgery, one intravenous channel was firstly established for the infusion of Ringer's solution (6-8 ml/kg). Additionally, electrocardiogram, heart rate (HR), oxygen saturation (SpO 2 ) and mean arterial pressure (MAP) were routinely monitored. The positive electrode of one nerve stimulator was connected to the skin electrode of the patient's leg, and the negative electrode was connected to the nerve stimulation needle (0.8x100 mm). The stimulation current intensity started from 1 mA together with a stimulation frequency of 2 Hz, and the pulse was set as 0.1 msec. Lumbar plexus block utilized the method of intra-psoas major muscle block as follows: The patient was placed on the lateral side with knees and hip flexed and the block side upwards. The vertical line between the middle line (formed by lining along the spinous processes of the lumbar spine) and the posterior superior iliac crest was divided into three equal parts, and the needling point was at the mediolateral one-third site and 1-cm deflecting toward the head, so that it could induce the shrink of the quadriceps femoris. Sciatic nerve block used the posterior approach as follows: The patient was placed in the improved Sims supine position (the non-surgical side was fully extended, the surgical side was flexed at the hip and the knees were upward). The line connecting the posterior iliac crest and the posterior edge of the greater trochanter was drawn at mid-normal, and the needling point was located at the intersection where the above line extended 3-5 cm and intersected with the line of the greater trochanter and sacral hiatus, so it could induce strephenopodia of ankle metatarsal flexure or strephexopodia of ankle dorsal flexure. If the corresponding induced response was obvious, the intensity was gradually reduced to 0.3-0.4 mA. If there was sustained induced motor response, and the suction of the syringe connecting to the end of the needle indicated no blood or cerebrospinal fluid, 20 ml anesthetic (as aforementioned) for lumbar plexus block was injected together with sciatic nerve block using 10 ml of anesthetic.
Patients and methods

Patients
Observation indexes. Visual Analogue Scale (VAS) pain scores obtained by needling the femoral innervation area (the patella in front of the thigh) and the sciatic innervation area (the lateral side of the dorsum pedis) every 3 min after block were used to evaluate the block effects (0 points, painless; 10 points, unendurable pain). Meanwhile, the onset time of block (from the end of the injection to VAS score <4 points) and the duration of sensory block (from the end of the injection to VAS score >4 points) were also recorded. The movements of the knee and ankle joints were evaluated, and the effects of motor block were evaluated using the modified Bromage Muscle Relaxation score (0 points, no motor nerve block, the knee and tibia joints could freely move; 1 point, the lower limb could not be raised high and straight, but the knee and ankle joints could be active; 2 points, the lower limb could not be raised high and straight, the knee joints could not be bent, but the ankle joints could be active; 3 points, the lower limbs were completely blocked, could not be raised high and straight, and the knee and ankle joints could not flex). The onset time of block (from the end of the injection to Bromage score=1 point) and duration of motor nerve block (from the block onset to the recovery of ankle motor function) were recorded. Sedation was evaluated using the Ramsay score (1 point, irritable; 2 points, quiet, cooperative and with good orientation; 3 points, drowsy, but still responsive to commands; 4 points, light sleep, but still active when tapping the forehead; 5 points, sleep, and dull to the forehead tapping stimulation; 6 points, deep sleep, having no response to the forehead tapping stimulation). The values of MAP, HR, SpO 2 , Ramsay score and serum vascular endothelial growth factor (VEGF) level (18) were recorded at the time of entry into the surgery room (T0), immediately after anesthesia (T1), 10 min after anesthesia (T2), 30 min after anesthesia (T3), 1 h after anesthesia (T4) and end of surgery (T5).
A total of 10 mg intravenous ephedrine (30 mg/ml; Northeast Pharmaceutical Group Co., Ltd., Shenyang, China) or 0.5 mg atropine (0.5 mg/ml; Jiangsu Lianshui Pharmaceutical Co., Ltd., Lianshui, China) was applied if intraoperative hypotension (basal value reduction >30% or systolic pressure <90 mmHg) or bradycardia (HR<50 beats/min) occurred; mask-assisted breathing was applied in the cases of respiratory depression (respiratory rate <12 times/min), poor breathing or SpO 2 <90%. The patients with intraoperative pain complaint were intravenously administered with 0.2 µl sufentanil (75 µg/ml; Yichang Renfu Pharmaceutical Co., Ltd., Yichang, China). If the pain remained too strong for the patient to endure the surgery, general anesthesia was applied; however, in this case, the patient should be excluded from the study. The adverse reactions during and following surgery, including over-sedation (Ramsay score ≥5 points), bradycardia, dry mouth, hypotension, respiratory depression, nerve root stimulation, urine retention and local anesthetic toxicity, were recorded.
Statistical analysis. All statistical analysis was performed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). The enumeration data were presented as number, and were compared using the χ 2 test. The measurement data were presented as the mean ± standard deviation, and were compared using one-way analysis of variance followed by Student-Newman-Keuls-q test. P<0.05 was considered to indicate a statistically significant difference.
Results
General data of patients. The general data of patients are demonstrated in Table I . There was no significant difference in age, gender, body mass index, ASA grade or surgery time among the four groups (P>0.05).
Overall outcome. All patients successfully completed the surgery. No patient required sufentanil administration or was switched to other anesthetic methods.
Comparison of onset time, and duration of sensory and motor block among the four groups. As demonstrated in Table II , there was no significant difference in the onset time of sensory or motor block at the lumbar plexus or sciatic nerve among the four groups (P>0.05). Compared with group R, the durations of sensory and motor block at the lumbar plexus or sciatic nerve in groups Dex1-3 were significantly prolonged (P<0.01). Furthermore, the durations in groups Dex3 and Dex2 were significantly longer than those in group Dex1 (P<0.05), and the duration in group Dex3 was significantly longer than that in group Dex2 (P<0.05).
Comparison of MAP, HR and SpO 2 among the four groups.
MAP in groups Dex1-3 at T2-T5 was significantly lower than that of the same group at T0 and T1, respectively (P<0.01). There was no significant difference in MAP between the different time points in group R (P>0.05). The intergroup comparison revealed that MAP in groups Dex1-3 at T2-T5 was significantly lower than that in group R (P<0.01). There was no significant difference in each index at each time point between groups Dex1-3 (P>0.05) (Fig. 1) . HR in groups Dex1-3 at T2-T5 was also significantly lower than those in the same group at T0 and T1, respectively (P<0.01). There was no significant difference in HR between the different time points in group R (P>0.05). Compared with group R, HR in groups Dex1-3 at T2-T5 was significantly reduced, respectively (P<0.01). In addition, HR in group Dex3 at T3 and T4 was significantly lower than that in groups Dex1 and Dex2, respectively (P<0.05). There was no significant difference in Table I . General data of patients in the four groups (n=20/group). R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine; ASA, American Society of Anesthesiologists. Table II . Comparison of onset time and duration of sensory and motor block among the four groups (n=20/group). .05 vs. group Dex2. R, administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine.
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each index at each time point between group Dex1 and Dex2 (P>0.05) (Fig. 2) . There was no significant difference in SpO 2 between the different time points in each group or among the different groups at each time point (P>0.05; Fig. 3 ). Comparison of SpO 2 among the four groups (n=20/group). SpO 2 , oxygen saturation; R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine. # P<0.01 vs. group R at the same time point; $ P<0.05 vs. Dex1 and Dex2 at the same time point. HR, heart rate; R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine. # P<0.01 vs. group R at the same time point. MAP, mean arterial pressure; R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine.
Comparison of Ramsay score among the four groups. The Ramsay score in groups Dex1-3 at T2-T4 were significantly higher than those in the same group at T0 and T1, respectively (P<0.01). There was no significant difference in the Ramsay score between the different time points in group R (P>0.05). The Ramsay score in groups Dex1-3 at T2-T4 was significantly higher than that in group R (P<0.05). There was no significant difference in each index at each time point among groups Dex1-3 (P>0.05) (Fig. 4 ).
Comparison of serum VEGF level among the four groups.
The serum VEGF level in group R and Dex1-3 at T2-T5 was significantly higher than that of the same group at T0 and T1, respectively (P<0.01). The VEGF level in groups Dex2 and Dex3 at T2-T5 was significantly higher than that in group R, respectively (P<0.01). There was no significant difference in each index at each time point between group Dex2 and Dex3 (P>0.05) (Fig. 5) .
Comparison of adverse reactions during and following surgery among the four groups. There was no obvious adverse reaction during or following surgery in groups R, Dex1 or Dex2, respectively. In group Dex3, there was 1 (5%) case of over-sedation, 2 (10%) cases of bradycardia and 1 (5%) case of dry mouth during and following surgery, respectively (Table III) .
Discussion
It has been demonstrated that the addition of drugs, including opioids, clonidine and DEX, to local anesthetics prolongs the duration of nerve block, thus delaying the appearance of patients' postoperative pain (19) . In the United States and European countries, DEX has been applied outside the ranges regulated by the Food and Drug Administration's provisions and instructions, known as the 'off labelʼ applications (20) . The mechanism of DEX prolonging nerve block is currently not clear; therefore, further study is required. A study by Brummett et al (14) indicated in animal experiments that DEX combined with bupivacaine enhanced the duration of sensory and motor block of the sciatic nerve in mice. Furthermore, pathology has revealed that DEX has no long-term effects on postoperative axonal and myelin structure in the sciatic nerve of mice, and α2AR antagonists cannot reverse its analgesic # P<0.01 vs. group R at the same time point. VEGF, vascular endothelial growth factor; R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine. # P<0.01 vs. group R at the same time point. R, group administered 30 ml 5% ROP; Dex1, group administered 30 ml 0.5% ROP + 1 µg/kg DEX; Dex2, group administered 30 ml 0.5% ROP + 1.5 µg/kg DEX; Dex3, group administered 30 ml 0.5% ROP + 2 µg/kg DEX; ROP, ropivacaine; DEX, dexmedetomidine.
effects (21) . Therefore, the present experiment demonstrated that DEX is able to extend the nerve block time by acting on the peripheral nerve system. Another study revealed that DEX and ROP are effective in blocking nerve fiber conduction; however, ROP is more dominant and DEX serves simulative roles relative to ROP, which enhances the sensation and motor function of the blocked nerves (22) . However, Kroin et al (23) demonstrated that the mechanism of α2AR in extending the duration of local anesthetics with the participation of hyperpolarization-activated cation current.
Brummett et al (20) recommended the clinical dose of DEX in human peripheral nerve block as 2 µg/kg. The present study investigated the impact of various doses of DEX on ROP-induced LSB. The results indicated that DEX combined with ROP significantly prolonged the duration of sensory and motor block compared with the use of ROP alone, and the effects were in the order of group Dex3>Dex2>Dex1. The onset time of nerve block among the four groups had no significant difference. Duma et al (24) demonstrated that 150 µg clonidine combined with 40 mg bupivacaine for brachial plexus block had no significant difference on the onset time of sensory and motor block; however, this combination significantly prolonged the block duration compared with that induced by the application of bupivacaine alone. This was consistent with the results of the present study. The present study also revealed that DEX had synergistic effects with local anesthetics, which prolonged the duration of sensory and motor block. Therefore, the present results suggest that DEX has the effects of a local anesthetic, consistent with the study of Marhofer et al study (15) , which may be caused by the fact that 1.0 µg/kg DEX may have reached the maximum local anesthesia-like effect. With the increasing dose of DEX in the present study, the duration of sensory and motor block was gradually extended, and so the appearance of postoperative pain in patients was delayed and the anesthetic effects were improved. When the dose of DEX reached 2 µg/kg, some patients exhibited over-sedation and circulatory suppression. Marhofer et al (15) further demonstrated that the duration of sensory block prolonged by DEX combined with ROP was six times that of the intravenous infusion of DEX, and it also indicates that DEX has good local anesthetic effects.
The results of the present study revealed that MAP and HR in groups Dex1-3 at T2-T5 were significantly lower than those in group R. This may be derived from the anti-sympathetic effects of DEX, which may inhibit the sympathetic nerve terminal to release norepinephrine and enhance the activity of the vagus nerve, thus contributing to the intraoperative hemodynamic stability in patients (25) . HR in group Dex3 at T3 and T4 was significantly lower than group Dex1 and Dex2, respectively. This indicated that the incidence of bradycardia at T3 and T4 in group Dex3 is high, and it may be related to the inhibitory effect of DEX on sympathetic tension (25) . This suggests that, in clinical applications, monitoring the cardiovascular system in patients must be strengthened so as to actively prevent and treat complications. The present study also demonstrated the strong sedative effects of DEX, while inducing no respiratory depression or other complications (26) . The mechanism may be that DEX acts on α2AR in the locus ceruleus of the brain stem, thus inhibiting neuronal discharging and resulting in natural non-REM sleep status (26) .
In the present study, compared with group R, the Ramsay scores in groups Dex1-3 at T2-T4 were increased. VEGF is a special growth factor that acts on vascular endothelial cells (27) . As the most important factor of angiogenesis, VEGF may promote the healing of injured joints (28) . As the VEGF level in groups Dex2 and Dex3 at T2-T5 was significantly higher than that in group R, this indicates that DEX may promote the secretion of VEGF. However, different effects between the various DEX doses were not found.
In the present study, no obvious adverse reactions were observed during or following surgery in groups R, Dex1 and Dex2. In group Dex3, there was 1 (5%) case of over-sedation, 2 (10%) cases of bradycardia and 1 (5%) case of dry mouth during and following surgery. This indicates that a dose of DEX that is too high may lead to more adverse reactions.
In conclusion, 1, 1.5 and 2 µg/kg DEX extends the duration of 0.5% ROP-induced LSB, among which the latter two doses demonstrate a superior effect in prolonging the effect time of ROP. However, 2 µg/kg DEX exhibits a higher probability of inducing transient hypertension or bradycardia, which is not conducive to maintaining the stability of hemodynamics. Therefore, 1.5 µg/kg DEX may be recommended for obtaining the greatest effects for improving ROP-induced LSB. In the present study, the patients were limited to young and middle-aged populations; therefore, the appropriate doses of DEX for children and elderly patients require further investigation.
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